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FUEL TANK AND FUEL FLOW CONTROL DEVICE 



Field of the Invention 

[0001] This invention relates to fuel tanks and more particularly to a fuel tank 

and fuel flow control device. 

Background of the Invention 

[0002] As concern for the environment increases, regulations for preventing 

the escape of volatile hydrocarbon vapors to the atmosphere are being promulgated by 
governmental agencies. One source of hydrocarbon vapors is the fuel tanks of 
vehicles using gasoline or other hydrocarbon fuels of high volatility. With current 
automotive fuel tank designs, fuel vapor can escape during the filling of the tanks and 
usually even after the tank is filled. 

[0003] The use of an on-board vapor storage container to remove excess fuel 

vapor from the fuel tank is one solution to this problem. Some of these devices use a 
high capacity or high flow rate valve to control the flow of vapor from the fuel tank to 
a vapor storage canister. From the storage canister, the vapor may be fed into the 
intake manifold of the engine to be consumed by the engine. 

[0004] Current on-board vapor recovery systems send essentially all the vapor 

removed from the fuel tank to the vapor canister. This can produce a high flow rate of 
fuel vapor to the vapor canister requiring a large vapor canister which increases the 
cost of the vapor recovery system. 
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Summary of the Invention 

[0005] A fuel tank assembly has a fuel tank with a fuel flow control device 

disposed at least partially in the fuel tank, and which communicates with a fuel filler 
pipe through which fuel is added to the fuel tank. In one embodiment, the fuel flow 
control device includes a fill tube that controls the manner in which fuel enters the 
fuel tank, preferably to reduce generation of fuel vapor when fuel is added to the fuel 
tank. In one presently preferred embodiment, the fill tube is constructed and arranged 
so that fuel exits therefrom generally at the surface level of fuel in the fuel tank. In 
the embodiment disclosed herein, this is accomplished by providing the fill tube as a 
flexible tube and including a float adjacent to an outlet end of the fill tube, so that the 
outlet end of the tube is responsive to the level of fuel in the fuel tank for at least 
some levels of fuel in the fuel tank. 

[0006] In another presently preferred embodiment, the fuel flow control 

device includes a diffuser through which fuel flows. Preferably, the flow area of the 
diffuser increases as it extends downstream, decreasing flow velocity and increasing 
pressure to reduce fuel vapor generation and encourage condensation of fuel vapor. 
Desirably, the diffuser can also function as a fuel filter. The diffuser can be used with 
a fill tube, and may be maintained generally in the area of the surface level of fuel in 
the fuel tank, along with an outlet end of a fill tube, if used with a fill tube. With the 
diffuser on the bottom of the tank the hydrostatic pressure can increase the 
condensation of vapor. 

[0007] Some objects, features and advantages of the presently preferred 

embodiments of the invention include providing a fuel tank assembly and fuel flow 
control device that reduce fuel vapor generation during refueling of a fuel tank, permit 
use of a smaller vapor canister, permit use of a lower cost vapor canister, reduce 
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hydrocarbon emissions, reduce premature shut-off of a refueling nozzle, reduce spit 
back during refueling, can provide an additional or alternative source of fuel filtration, 
and are of relatively simple design and economical manufacture and assembly. 
[0008] The above noted objects, features and advantages are not intended to 

be complete, but rather, are merely illustrative of certain aspects of some presently 
preferred embodiments of the invention. Accordingly, in practicing the invention 
none, some, all and/or other objects and advantages may be achieved. 

Brief Description of the Drawings 

[0009] These and other objects, features and advantages of the present 

invention will be apparent from the following detailed description of the preferred 
embodiments and best mode, appended claims and accompanying drawings in which: 
[0010] FIG. 1 illustrates a fuel tank assembly having a fill tube received 

within a fuel tank in accordance with a first presently preferred embodiment of the 
invention; 

[0011] FIG. 2 is a fragmentary sectional view of the fuel tank assembly of 

FIG. 1; 

[0012] FIG. 3 is a perspective view of a fill tube according to a second 

presently preferred embodiment of the invention; 

[0013] FIG. 4 is a fragmentary sectional view of the fill tube of FIG. 3; 

[0014] FIG. 5 is a fragmentary perspective view of a fill tube according to a 

third presently preferred embodiment of the invention; 

[0015] FIG. 6 is a sectional view taken generally along line 6-6 in FIG. 5; 
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[0016] FIG. 7 is a fragmentary perspective view of a fill tube according to a 

fourth presently preferred embodiment of the invention showing a diffuser in its 
closed position; and 

[0017] FIG. 8 is a fragmentary perspective view of the fill tube shown in FIG. 

7 with the diffuser shown in its open position. 

Detailed Description of the Preferred Embodiments 

[0018] Referring in more detail to the drawings, FIGS. 1-2 illustrate one 

presently preferred embodiment of a fuel tank assembly 10 including a fuel tank 12 
having an opening 14 that communicates a vehicle fuel filler pipe 16 with a fuel flow 
control device 17 disposed at least partially in the fuel tank 12. The fuel flow control 
device 17 includes a fill tube 18 with an inlet end 20 that communicates with the fuel 
filler pipe 16 through the opening 14, and an outlet end 22 generally open to the 
interior 24 of the fuel tank 12. The opening 14 may be defined in a flange 25 carried 
by the fuel tank 12 and having tube connectors 27 on opposed sides on which the fuel 
filler pipe 16 and fill tube 18 are received, and preferably secured by clamps 29. 
[0019] The fuel filler pipe 16 preferably extends from the fuel tank 12 to a 

location accessible from the exterior of the vehicle in which the fuel tank is received. 
To add fuel to the fuel tank 12, a refueling nozzle from a refueling station, or "gas 
station," is inserted in an inlet end 26 of the fuel filler pipe 16 and fuel is discharged 
from the nozzle into the fuel filler pipe 16. Fuel exits the fuel filler pipe 16 at its 
outlet end 28, travels through the opening 14 in the fuel tank, and then through the fill 
tube 1 8 into the interior 24 of the fuel tank 12. 

[0020] The fill tube 1 8 is preferably flexible and responsive to the level of fuel 

in the fuel tank 12 so that its outlet 22 end remains in the area of the surface level of 
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the fuel in the tank for at least some, and preferably all levels of fuel in the tank. As 
shown, the fill tube 1 8 is a generally flexible cylindrical tube, although the fill tube 
could be formed in substantially any shape, size or arrangement. As shown, the fill 
tube 18 is made flexible by providing flexible polymeric segments 30 between more 
ridged structural polymeric segments 32, although any arrangement of the fill tube 1 8 
can be provided which enables the outlet end 22 of the fill tube 1 8 to be responsive to 
the level of fuel in the fuel tank 12. 

[0021] To enable the outlet end 22 of the fill tube 18 to be responsive to the 

level of fuel in the fuel tank 12, a float 34 is disposed adjacent to the outlet end 22 of 
the fill tube 18. The float 34 is made of material that is buoyant in liquid fuel, and is 
shown as an annular, hollow body disposed around the outlet end 22 of the fill tube 
18. However, the float 34 may take on substantially any shape or size sufficient to 
cause the outlet end 22 of the fill tube 18 to float in liquid fuel and be responsive to 
the level of fuel in the fuel tank. Desirably, the float 34 maintains at least a portion of 
the outlet end 22 of the fill tube 1 8 at least partially above the level of fuel in the fuel 
tank 12 so that fuel discharged from the fill tube 18 can be dispersed generally along 
the surface of the fuel. Desirably, this can reduce the turbulence of the fuel and may 
also reduce droplet formation resulting in the reduction of fuel vapor generation. As 
shown, the float 34 maintains the outlet end 22 of the fill tube 18 partially submerged 
in liquid fuel and partially above the surface level of the fuel. While the first 
presently preferred embodiment of the invention has been described as including a 
float 34 on the fill tube 18, the fill tube 18 itself could be made buoyant and 
responsive to the level of fuel in the fuel tank. For example, part or all of the fill tube 
can be made of a material that is buoyant in liquid fuel. And a float may be used with 
a fill tube that is itself buoyant or semi-buoyant in liquid fuel. 
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[0022] A second presently preferred embodiment of a fuel flow control device 

is illustrated in FIGS. 3 and 4. In this embodiment, the fuel flow control device 40 
preferably includes a fill tube 18 that communicates with the fuel filler pipe 16 
through the opening 14 in the fuel tank 12, and a diffuser 44 at the outlet end of the 
tube 18. The diffuser 44 can also be employed without the fill tube 18. The fuel tank 
12, fuel filler pipe 16 and fill tube 18 can be constructed substantially as shown and 
described with reference to the first presently preferred embodiment. Accordingly, 
the construction and arrangement of these elements will not be described again. 
[0023] The diffuser 44 has an open inlet end 46 adjacent to and in 

communication with the outlet end of the fill tube 1 8, and an outlet end 48 spaced 
from the inlet end 46. Preferably, the flow area at the inlet end 46 of the diffuser 44 is 
less than the flow area at the outlet end 48 of the diffuser. As shown, the diffuser 44 
has opposed generally triangular shaped end walls 50 separated by interposed side 
walls 52, although other shapes and arrangements may be employed. The increasing 
flow area of the diffuser 44 from its inlet end 46 to its outlet end 48 preferably 
reduces the velocity of fuel flowing therein and increases its pressure to reduce 
turbulence and encourage condensation of fuel vapors generated during refueling of 
the tank. The reduction of the velocity of the fuel and the reduction in turbulent flow 
as fuel is added to the tank reduce the generation of fuel vapor in the tank. 
[0024] The diffuser 44 is preferably formed from a mesh material that readily 

permits fuel flow therethrough to avoid undue restriction to fuel entering the fuel tank 
12. Preferably, the diffuser 44 inhibits the flow of fuel vapor therethrough, and fuel 
vapor captured within the diffuser 44 may be condensed into liquid fuel by the 
increasing pressure within the diffuser 44 and its integration and contact with the flow 
of fuel through the diffuser. Then, after the fuel vapor is condensed into liquid fuel, it 
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passes through the diffuser 44 and into the fuel tank 12. Accordingly, less fuel vapor 
is present within the fuel tank 12. 

[0025] The diffuser 44 may be in the form of a mesh material and may be 

rigid like a metal or plastic screen, or may be more flexible, like a thin porous plastic 
material or a cloth-like material. The material of the diffuser 44 is preferably a mesh 
with an average pore size in the range of about 10 microns to 100 microns. Desirably, 
the diffuser 44 may act as an initial filter to reduce impurities and contaminants within 
the fuel, which may extend the life of downstream filters such as those at a fuel pump 
or downstream thereof. The diffuser material may also provide sufficient filtration of 
fuel such that one or more downstream fuel filters can be eliminated. As shown in 
FIG. 4, the mesh material of the diffuser 44 may be attached to a collar 54 which is 
fitted over the outlet end 22 of the fill tube 18. Of course, the diffuser 44 can be 
mounted on or carried by the fill tube in other ways, and as mentioned above, the 
diffuser 44 can be used without any fill tube 18. The diffuser 44, and or the fill tube 
18, may be buoyant in liquid fuel or a float 34 (FIGS. 1 and 2) may be associated with 
either the diffuser 44, or the tube 18, or both so that the outlet end of the tube 18 and 
diffuser 44 are responsive to the level of liquid fuel in the fuel tank 12. The diffuser 
44 may also be constructed to be submerged within the liquid fuel in the tank without 
being responsive to the level of fuel in the tank. 

[0026] A third presently preferred embodiment of a fuel flow control device is 

shown in FIGS. 5 and 6. In this embodiment, fill tube 18, fuel tank 12 and fuel filler 
pipe 16 are substantially as previously described, and therefore will not be described 
again. In this embodiment, the diffuser 70 has a rigid wall 72 that is preferably 
integral with a collar 74 received over the outlet end of the fill tube 18. In the 
embodiment shown, the upper wall 72 of the diffuser 70 is solid, although other 
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surfaces can be formed from a solid material as desired. The remaining surfaces 76 of 
the diffuser 70 may be of substantially any material that is permeable to liquid fuel, as 
described above with reference to the second embodiment. The solid surfaces of the 
diffuser 70 help to control the flow of fuel, and providing the upper wall 72 in solid or 
imperforate form helps to further inhibit the escape of fuel vapor from the diffuser 70. 
Again, the diffuser 70 may be used with or without a fill tube, and may or may not be 
responsive to the level of fuel in the fuel tank, or otherwise maintained in the area of 
the surface level of the fuel in the fuel tank. 

[0027] A fourth presently preferred embodiment of a fuel flow control device 

is shown in FIGS. 7 and 8. In this embodiment, the diffuser 80 is preferably formed 
of a mesh like material as described above, and has a duck bill outlet end 82. As 
shown in FIG. 7, when fuel is not flowing through the diffuser 80, the outlet end 82 
folds generally flat into a closed position. As shown in FIG. 8, when fuel is flowing 
through the diffuser 80 the outlet end 82 moves into its open position. This 
construction and arrangement of the diffuser 80 will reduce the restriction to fuel flow 
through the diffuser to avoid interference with the refueling process. The diffuser 80 
is preferably made of a material that is permeable to liquid fuel while inhibiting the 
flow of fuel vapor therethrough. Any suitable material may be used, as discussed 
above. Again, the diffuser 80 may be used with or without a fill tube, and may or 
may not be responsive to the level of fuel in the fuel tank, or otherwise maintained in 
the area of the surface level of the fuel in the fuel tank. 

[0028] Persons of ordinary skill in the art will readily recognize that the 

preceding description of the presently preferred embodiments of the invention is 
illustrative of the preferred embodiments, and is not intended to limit the invention. 
Various modifications and substitutions can be made without departing from the spirit 



8 



and scope of the invention which is defined by the following claims. For example, 
while the diffuser has been shown in several embodiments with a generally triangular 
or pyramidal shape, it may take on substantially any shape and size, including 
spherical, semi-spherical, cylindrical, and conical to name a few. Also by way of 
example and without limitation, the diffuser and the flexible tube may be integrally 
formed. Still other modifications and/or substitutions will be apparent to those of 
ordinary skill in the art. 
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